
pyloroplasty you decrease the burden of the stomach in empty¬
ing its contents and it returns to the physiologic norm. The
facts are that in this pyloroplasty the pathology is excised or

corrected, the tissues are put at physiologic rest daring heal¬
ing which is a first principle in all surgery, and the stomach
is returned to its normal function. In gastro-enterostomy,
even if one closes the pylorus, it opens and a portion of the
food goes over the ulcer, so but little rest is afforded ; the
ulcir is often not removed ; and the stomach function is any¬
thing but physiologic.

THE PHYSIOLOGY OF SNEEZING
ALBERT P. BRUBAKER, M.D.

PHILADELPHIA

Sneezing may be defined as a spasmodic expiration
preceded by one or more spasmodic inspirations. The
expiration is momentarily opposed by the closure of
the nasopharynx and a more or less complete closure
of the mouth. With the onset of the expiration there
is a rapid rise of intrapulmonic pressure which, when
a certain value is attained, suddenly forces open the
nasopharyngeal partition. In consequence, a blast
of air is driven into and through the nasal chambers;
at the same time, however, the mouth, not infrequently,
is partially opened, thus permitting a portion of the
blast to be driven through the buccal orifice. The
object of the sneezing spasm is the dislodgment of
mucus or other fluid from the surface of the nasal
mucous membrane.
The act of sneezing is, in its entirety, quite complex,

and may be subdivided for convenience of presenta-
tion into two phases, a nasal and a respiratory, both
of which are reflex in character and involve two differ-
ent reflex mechanisms, a nasal and a respiratory. Each
mechanism consists of afferent nerves, a centrat
mechanism, effected nerves and responsive organs.

THE RESPIRATORY THASE
As the effective portion of the sneeze is the respira¬

tory, it will be conducive to clearness if this is con¬
sidered first.
The primary activity in this reflex is a deep inspira¬

tion or an enlargement of the thorax and lungs, which
has as a result the inhalation and temporary storage
of a large volume of air, a condition essential to the
satisfactory accomplishment of the object of the
sneeze. The' inspiration is an active process and is
accomplished by the simultaneous and coordinate con¬
traction of various groups of muscles, among which,
as representatives, may be mentioned the posterior
crico-arytenoids, the diaphragm and the external
intercostals. The coordinate action of the three groups
of muscles implies the coordinate activity of three
groups of nerve centers and their related nerves ; thus,
the activity of the posterior crico-arytenoids is called
forth by the discharge of energy from the laryngeal
center in the medulla oblongata, and transmitted by
efferent fibers in the trunk of the vagus and their
continuation in the inferior or recurrent laryngeal ;
the activity of the diaphragm and the external inter¬
costals is called forth by the discharge of energy from
the phrenic and intercostal centers in the cervical and
thoracic segments of the spinal cord, respectively, and
transmitted by the phrenic and intercostal nerves.
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The coordinate contraction of the different inspira-
tory muscles implies a practically simultaneous dis¬
charge of nerve energy from each of the foregoing
nerve centers ; and this in turn necessitates the exis¬
tence in the central nerve system of a single group of
cells from which nerve impulses are discharged and
transmitted by its axonic processes to the laryngea!,
phrenic and intercostal nerve centers in the medulla
oblongata and the spinal cord, and by which they in
turn are excited to and coordinated in their activity.
To this group of cells the term "inspiratory center"
has been given.
Though the activity of the inspiratory center is nor¬

mally regulated by nerve impulses ascending the
vagus nerves from the lungs, nevertheless it is capable
of stimulation in a more or less abnormal manner by
the arrival of nerve impulses through other afferent
nerves coming from different regions of the body.
The secondary activity in this reflex is a forcible

expiration, or a diminution in the size of the thorax
and the lungs, which has as a result a compression and
expulsion of the previously stored volume of air.
Though expiration is normally a passive process and
accomplished by the recoil of the elastic forces of the
thorax only, under the conditions characteristic of
sneezing, these forces are reinforced by the coordinate
contraction of various groups of muscles, among
which, as representatives, may be mentioned the inter¬
nal intercostals and the abdominal muscles.
The coordinate action of these groups of muscles

likewise implies the coordinate activity of groups of
nerve centers and their related nerves. Thus, the
activity of the internal intercostals is called forth by
the discharge of energy from nerve centers in the
thoracic segments of the spinal cord and is trans¬
mitted by the intercostal nerves ; the activity of the
abdominal muscles is called forth by nerve energy
discharged from the lower thoracic, and perhaps upper
lumbar, segments, and is transmitted by the lower
thoracic and the iliohypogastric nerves.
The coordinate contraction of the expiratory mus¬

cles implies a practically simultaneous discharge of
nerve energy from each of the foregoing nerve cen¬
ters ; and this, in turn, necessitates the existence in the
central nerve system of a single group of cells from
which nerve impulses are discharged and transmitted
by its axonic processes to the intercostal centers in the
spinal cord, and by which they in turn are excited to
and coordinated in their activity. To this group of
cells the term "expiratory center" has been given.
As to the manner in which the expiratory center is

stimulated, if at all, under normal conditions of respi¬
ration, there is not much definite information available.
But as a forced expiration always involves a volitional
effort or a discharge and transmission of nerve energyfrom the cerebrum to the expiratory center, it may
be conceived that under the conditions of the respira¬
tory apparatus peculiar to sneezing, the expiratory
center is aroused to activity by the descent of nerve
impulses from the cerebrum.
Just preceding and conditioning the forcible expira¬

tory effort, the respiratory passage is shut off from
the nasal cavities by a partition formed by the eleva¬
tion of the palate, the advance of the posterior halfarches, and the contraction of the superior constrictorof the pharynx. This cooperative muscle contraction
results from the discharge of energy from the cells of
origin of the spinal accessory nerves.
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At this moment the intrapulmonic air is compressed
on all sides by the descent of the ribs, the result of the
contraction of the internal intercostal muscles, and by
the upward movement of the abdominal viscera, the
result of the contraction of the abdominal muscles.
With the rise of the intrapulmonic pressure, there,
comes a moment when the nasopharyngeal partition is
forcibly separated, and the air is driven into and
through the nasal chambers with a more or less com¬

plete dislodgment of the mucus.
The afferent portion of the nerve mechanism, by

which the inspiratory reflex is occasioned, consists of
fibers of the trigeminal nerve, the peripheral termina¬
tions of which are distributed to the nasal mucous
membrane, and the central terminations related histo-
logically and physiologically to the inspiratory center.
The stimulus adequate to the excitation of these

peripheral nerve endings is a dilatation of nasal blood
vessels and the discharge of clear, slightly viscid secre¬
tion, perhaps specific in character, from the glands
embedded in some portion of the nasal mucous mem¬
brane. When this secretion is discharged and begins
to trickle over the terminals of the nerve endings in
certain regions, nerve impulses are developed which,
transmitted to the inspiratory center, stimulate it and
cause it suddenly to discharge energy to the spinal
inspiratory centers and muscles. With this, the effec¬
tive portion of the sneezing mechanism is excited and
coordinated in activity.
Coincidently with the stimulation of the afferent

nerve fibers of this reflex mechanism, there occurs

simultaneously a stimulation of purely sensory nerves.
The nerve impulses developed in them are transmitted
to sensory areas in the cortex of the cerebrum, where
they evoke sensations of a peculiar trickling or quiv¬
ering character which contribute much to the pleasure
of the sneeze, and at the same time lead to various
muscle reactions and sounds of a more or less pro¬
nounced character.

THE NASAL PHASE
As stated in a previous paragraph, the stimulus

adequate to the excitation of the sneezing mechanism
is the production and discharge of a secretion from
glands in the nasal mucous membrane. The produc¬
tion of this secretion is also a reflex act and involves
a nerve mechanism consisting of afferent nerves, cen¬
tral cells, efferent nerves and their related responsive
organs, glands and blood vessels. Collectively their
physiologic action constitutes the nasal phase of
sneezing.
The production of the stimulating secretion requires

the cooperation of blood vessels and gland epithelium,
both of which require for the manifestation of their
activity the stimulating influence of nerve energy orig¬
inating in the central nerve system and transmitted to
them by the afferent nerves of the reflex mechanism.
The nerves distributed to these structures belong to

the autonomie system, and therefore consist of two
consecutively arranged and histologically related neu¬

rons known as preganglionic and postganglionic.
In a consideration of this mechanism it will be

convenient to consider the postganglionic neurons first.
The cell bodies of these neurons are found in, and
compose in large part, the sphenopalatine ganglion.
From these cells axonic processes pass forward to
become histologically related to the walls of the blood
vessels and the epithelium of the nasal glands, from

which it may be inferred that the sphenopalatine cells
are related to vasomotor and secretomotor phenomena.
The sphenopalatine cells, however, do not possess
spontaneity of action, but require for their excitation
the arrival of nerve energy, originating in cells in the
central nerve system and transmitted to them by their
preganglionic axons. These cells, which constitute
the central part of this reflex mechanism, are located
in the gray matter beneath the floor of the fourth
ventricle. The axonic processes to which they give
rise pass forward and emerge from the medulla in the
nerve of Wrisberg, of which they constitute a large
part ; they then pass into the sheath of the facial nerve ;
after a very short course they leave the facial nerve at
the genu, and after that become the great petrosal
nerve, the peripheral terminations of which arborize
around the cells of the sphenopalatine ganglion.
There is thus established a pathway between the

central nerve system and these local peripheral organs
along which nerve impulses pass from the center to
the periphery. That this is the case is shown by the
results of experimentation ; thus, if the great petrosal
nerve in one of the higher mammals is divided and its
peripheral end stimulated \vith induced electric cur¬

rents, there promptly occurs a dilatation of the nasal
blood vessels and a secretion from the nasal glands.
Stimulation of the sphenopalatine ganglion has a sim¬
ilar result. From these facts it may be inferred that
the nerve fibers composing the great petrosal nerve,
as well as the cells from which they arise, are divisible
into two groups, namely, vasodilatator and secreto¬
motor. Any stimulation, therefore, of the central cells
will be followed by vascular engorgement and the
discharge of mucus.
The afferent portion of the mechanism is widely dis¬

tributed, though it may be said to consist mainly of
(1) cutaneous nerves, (2) nasal branches of the tri-
geminal, (3) visceral afferent nerves, and (4) nerves
descending from the cerebrum.
The stimulation of certain cutaneous nerves, as is

frequently the case when they are suddenly exposed to
a low temperature or cooled by currents of air, will
cause a dilatation of the nasal blood vessels and a dis¬
charge of mucus, which in a short time will stimulate
afferent nerve endings and occasion a series of reflex
spasmodic sneezes. This stimulation holds true for
the ankle, neck and head areas of the skin. The
impulses thus peripherally generated are transmitted
to the central vasodilatator and secretmotor cells, and
excite them to activity.
Stimulation of the trigeminal nerve endings, chiefly

in the nose, perhaps elsewhere, will cause the same
vascular and secretory conditions, as is well known.
The stimuli capable of exciting these nerve endings
may be mechanical and chemical, as well as organic,
emanations, of a more or less unknown nature, from
animals and plants. Here, again, the primary effect
of these stimuli is the production of the nasal mucus.
Stimulation of other sensor nerve endings, of the

glossopharyngeal, the vagus, etc., has been observed
to cause the same nasal phenomena, followed by more
or less pronounced sneezing.

PSYCHIC STIMULATION

Stimulation of vasomotor, secretomotor and viscero-
motor centers in the medulla oblongata and spinal
cord, by nerve impulses descending from the cerebrum
in consequence of psychic states of an affective or
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emotional character, is a well attested fact. It is only
necessary to recall the effects of psychic states on the
nerve centers regulating the vascular and secretory
phenomena preceding the discharge of saliva and gas¬
tric juice ; and on the nerve centers regulating the
vasodilatator and the secretomotor phenomena of the
sexual organs. Paralleling these effects are the effects
of the psychic states on the vasodilatator and secreto¬
motor phenomena of the nasal organs. It has, more¬
over, been frequently observed that the nasal and sex¬
ual phenomena often coexist, the two not standing,
however, in the relation of cause and effect but as
results of the same psychic state.

PATHOLOGIC CONDITIONS
In this presentation the attention has been limited

to the consideration of the normal or physiologic con¬
dition. This, if properly conceived, may assist in the
interpretation of pathologic conditions. It is quite
apparent that pathologic conditions might arise from
an alteration in the way of an increase in the irritabil¬
ity of the afferent portion of the mechanism of the
nasal phase of the reflex. Local pathologic states fre¬
quently so exalt the irritability of the nerve endings
that a slight additional stimulation develops a greater
number of nerve impulses than would otherwise be
the case. As a result, the associated central cells are
more profoundly stimulated and cause by their greater
discharge of energy more pronounced peripheral
effects. It not infrequently happens, also, that the
nerve impulses thus developed are so numerous that
they overflow their customary channels and stimulate
vasodilatator, secretomotor and visceromotor centers
in different levels of the medulla oblongata and the
spinal cord, causing, in addition, the development of
pathologic phenomena in the respiratory, the circula¬
tory and other organs as well. Instability of the central
mechanism, either in itself or as an expression of a
more general nerve cell instability, the result of hered¬
ity or of dietetic or sexual excesses or other conditions,
may lead to similar results.

NASAL HYDRORRHEA
JOHN A. THOMPSON, M.D.

CINCINNATI

The rare disease, called by Bosworth nasal hydror-
rhea, by others rhinedema or edematous rhinitis,
has been given little attention in the literature of
our specialty. There is no description of it in the
books written by Ingalls, Coakley, Watson Wil-
liams, Packard, G yson, Gile or Reik. Gleason
writes of it very briefly. In the last edition of
his book, he describes two types, the inflammatory
and the noninflammatory. Coolidge writes of it
as would an author who had had no opportunity to
study cases. The same statement would apply to
Ballenger's work. Price Brown describes one case.

Shurley's description is very brief. D. Braden Kyle,
in the early edition of his book, says he can find
authentic records of only twenty-seven cases. Gray-
son1 describes it, although his title is, "The Nasal
Phenomena of Neurasthenia." Phillips gives less than
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1. Grayson: The Nasal Phenomena of Neurasthenia, Laryngoscope,
December, 1910.

half a page to a description of this disease, and much
of that space is taken up with the chemistry of the
discharge. There are numerous references to it in
the Index Medicas, but careful reading of the articles
reveals that everything from hay-fever to the nervous

degeneration of advanced diabetes has been described
as nasal hydrorrhea.
Because so little attention has been given it, cases

are being overlooked by good men, and this is sufficient
reason for presenting the topic to this section.
We do not know the cause of the disease. Curtis

has found it associated with sexual perversion in young
adults, but this is not a factor in many cases. I can
find no record of postmortem examinations of the
pathologic condition. The cases described by Bos-
worth, in which postmortems were performed, were
undoubtedly unrecognized cases of sinus suppuration.
Lacking the exact knowledge of its pathology, we can
best define nasal hydrorrhea as an obscure nervous

disease, the chief symptoms of which are nasal. There
is some relation between this disease and that very
obscure nervous affliction known as angioneurotic
edema. The phenomena of the two diseases are sim¬
ilar. In three of my patients, both conditions were

present. The disease is most common among younger
men and women of sedentary habits. There are no
known external exciting causes such as produce hay-
fever, or as in the edema produced in certain persons
by the emanations of horses, cats or other animals.
The local pathologic condition is a dropsy. The con¬
nective tissue interspaces of the turbinated bodies are
filled with serum. If surgical intervention is necessary
in the typical cases, the fluid discharged is only slightly
blood tinged instead of showing evidence of the free
hemorrhage resulting when a turbinate is injured.
The characteristic symptoms of nasal hydrorrhea

are a sense of extreme irritation in the nose, followed
by sneezing and a very profuse watery discharge from
both nostrils. The discharge varies in amount from
an ounce to a half pint in twenty-four hours. The
fluid is alkaline and contains small amounts of sodium
chlorid and traces of phosphates. The presence of
mucin differentiates it from the cerebrospinal fluid
discharged from the nose after injuries.
In some patients, the discharge persists throughout

the day. In others it is periodical, flowing for hours
and then ceasing until the next day. Cold winds,
dampness and dust aggravate the symptoms After
some months of this annoying flow, polypi appear.
Their removal has only a mechanical effect in opening
the nostril, as the other symptoms are not modified.
They soon recur.
A direct examination of the nose reveals that the

mucosa is pale bluish, sometimes translucent. The
swollen turbinâtes entirely fill the nasal cavity. Per¬
sistent rubbing with cotton pledgets soaked with an
epinephrin and cocain solution will sometimes enable
one to shrink the tissues temporarily until it can be
seen that no hypertrophy is present. Usually the entire
length of the turbinated body is affected. In some
cases the anterior portion, in others the posterior por¬
tion is more edematous. The disease may begin at any
season of the year, and last for months or years.
We have a distinct clinical picture of a rare disease,

the symptoms of which resemble hay-fever, but which
is not hay-fever. One reason for the opinion that the
disease is nervous in its origin and that the nasal
symptoms are significant only of lesions in the nerve
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